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Introduction
Queen bees are essential for the health and productivity of the colonies; thus, they are important for the success of apiculture, and several management techniques focus on maximizing their reproductive potential (Tarpy et al., 2012) .
The reproductive capacity of a queen bee is directly related to its lifetime, since as the semen reserves run out, the colony begins the selection process to replace the queen bee (Winston, 1987) . This denotes a positive relationship between reproduction and longevity. In this sense, queen bees that cannot maintain a good oviposition in the nest are often prematurely substituted, which causes production losses, since the honey production is strongly correlated with the total population of the colony (Woyke, 1971; 1984) .
Evaluate the longevity of the queen bee is important, since it affects its quality regarding its potential for sperm stock (Cobey, 2007) through the polyandry, which increases the intra-colony genetic diversity, and confers numerous benefits for the health and productivity of the colony (Tarpy et al., 2011) . The body weight at emergency is an important factor for the longevity of the queen bee (Winston, 1987) . A heavier queen bee at emergence has a greater capacity to store sperm (Woyke, 1971; Corbella and Gonçalves, 1982) . This phenotypic characteristic is a reliable indicator for breeding programs and performance of the colony aiming to obtain good-quality queen bees (Souza et al., 2013; Camargo et al., 2015) .
The bees' lifetime is also affected by their regional climatic conditions (Szabo, 1993) . In tropical climate conditions, which have high temperatures, queen bees have a continuous oviposition throughout the year, with intensity varying according to the availability of nectar and pollen, which determines the longevity of the queen bee (Silva et al., 1991) , making it necessary an annual exchange of the old queen by a young and selected queen bee (Martinez and Soares, 2012) . The understanding the biological cycle, colony development, and environmental conditions of places where apiculture is practiced is necessary, since this determines the favorable months for the production and exchange of queen bees in the apiaries (Carbonari et al., 2016) and promotes a more effective management and predictability by the beekeeper.
In Brazil, studies on the longevity of queen bees were carried out in the Southeast and South regions (Silva et al., 1991; Toledo et al., 2012; Souza et al., 2013) , however, studies on the Northeast region on this subject is scarce. This region is divided in sub-regions, such as Zona da Mata, Agreste and Sertão, which present different climate conditions. Although the impact of these environmental changes on bees is not fully known, studies indicate that environmental changes have a direct effect on the development of honeybee colonies (Le Conte and Navajas, 2008) .
Considering that the lifetime and development of a bee colony depends especially on the region, climatic conditions and forage availability, the objective of this work was to evaluate the longevity and reproductive period of Africanized queen bees under the climatic conditions of the Zona da Mata region in the state of Pernambuco, Northeast of Brazil.
Material and Methods
This research was carried out using experimental apiaries of the Department of Animal Science of the Federal Rural University of Pernambuco located in a remnant of Atlantic Forest in Recife, capital of the state of Pernambuco, in the Northeast region of Brazil. Recife is in the coast region, in Zona da Mata physiographic microregion, which has a humid tropical climate characterized by only two seasons, winter-a rainy season from May to August, with average temperature of 24ºC and average precipitation of 725 mm-and summer-a hotter season with average temperature of 27ºC and an average precipitation of 515 mm (PERNAMBUCO, 2016) .
Forty-one virgin Africanized polyhybrid queen bees were introduced into orphaned colonies housed in Langstroth beehives, and naturally fertilized by wild drones. The queen bees were marked with non-toxic white paint on the upper thorax and the evaluations were conducted every 15 days from February 2014 to December 2015. Twenty-four queen bees born in 2014 and 17 in 2015. The mean longevity of the queen bees was evaluated by recording the time from the beginning of their oviposition to their death in the hives. The number of brood combs from each colony was counted to evaluate the queen bee's oviposition activity over the months; and the number of queen cells constructed naturally over the months was counted to estimate the reproduction period of the colonies, and evaluate the peak of the reproductive season in the studied region. The queen cells were destroyed to control swarming.
The monthly average of precipitation, humidity, and temperature data were obtained from the Pernambuco State Water and Climate Agency (Apac Recife, Várzea, Code 30) and the National Meteorological Institute (Imet Recife, Automatic weather station A301) (BRASIL, 2016; PERNAMBUCO, 2016) .
The means and standard deviation of these variables were evaluated. The Pearson correlation coefficient was used to analyze the correlation between the climatic variables (precipitation, humidity, and temperature) and the months of the year, which were independent variables; and the death of queen bees, average number of brood combs, and presence of queen cells were the dependent variables. The regression model that best fitted the data of number of brood combs in the months of the year was = 0 + 1 + 2 2 ; and the one that best fitted the data of number of queen cells was = 0 + 1 + 2 2 + 3 3 . All analyses were carried out using a significance level of 5%, and the Tukey test was used to compare the means.
Results and Discussion
Three out of the 41 Africanized queen bees lived 12 months, and one queen bee died one month after emergence, under the climatic conditions of Recife, Pernambuco, Brazil, presenting a mean longevity of 6.4±2.9 months (Figure 1) . Studies conducted in the Southeast region, in Ribeirão Preto SP, with Africanized queen bees classified into two groups by weight-<180 mg and >200 mg-showed that heavier queen bees have twice the longevity (mean of 19 months) of the lighter ones (mean of 9 months) (Souza et al., 2013) . Although, these data are from single papers, they denote the importance of using heavier queen bees for a greater longevity compared to those obtained in a regular transfer and hardly presenting more than 200 mg. Toledo et al. (2012) evaluated Africanized queen bees in the South region of Brazil, during two periods (March 1981 to September 1983 , and April 1989 to August 1990 , and found differences in their life span, with longevities of 9.0±4.9 and 4.6±2.0 months, and the environmental conditions presenting strongly effect on the performance of individuals in the colony (Toledo et al., 2010) .
The low longevity of Africanized queen bees in Brazil is also due to their continuous breeding during practically all year, with no diapause, however, there is a reduction in the oviposition in the period of food scarcity (Silva et al., 1991) . This increases the aging of the queen bee, thus, the annual replacement of queen bees to improve the average productivity of apiaries is recommended.
The results of the correlation between queen bee death and climatic variables showed a significant negative correlation between the queen bee death and the precipitation index (r = -0.65 and p = 0.02), and non-significant correlation with temperature (r = 0.38 and p = 0.21) and relative humidity (r = -0.55 and p = 0.06) ( Table 1) .
The months that presented the highest precipitation-May to August-were the ones with the lowest number of queen bee deaths in the region evaluated ( Figure 2 ). According to Le Conte and Navajas (2008) , Apis mellifera bees present great adaptive potential regarding climate, which directly affects their development. This shows that this specie has genetic plasticity and variability, generating selection by development cycles that adequate it to the new environmental conditions. This adaptability is evidenced by the longevity variability of Africanized queen bees in the different regions of Brazil. The data on the death or replacement of queen bees over the 2014 and 2015 years showed that the months with the highest percentage of natural replacement of queen bees were February, April, September, and December, and these four months accounted for 63.5% of the queen bee deaths (Figure 2) . The time of exiting of a secondary swarm, i.e., the process of reproduction of the colony or natural division of the colony, is related to the replacement of the queen bee; this process is similar in European and African honeybee colonies (Gilley and Tarpy, 2005) . According to the number of queen cells recorded throughout the experimental period (431), the queen cells and months of the year presented a significantly positive correlation (r = 0.7 and p = 0.05), with increases in queen cells in September to December (Figure 3) . A trend of increasing the frequency of queen cells in September to December was found with 91% accuracy (R 2 = 0.91 > p-value = 0.0002; CV = 32.74). These months accounted for 63.8% of the total number of queen cells registered, whereas in January to August, the queen cells had a low frequency, representing 36.2% of the total. These data denote that the swarming period in Recife is in September to December. The number of queen cells showed no significant correlation with the number of brood combs in the hives (r = 0.4 and p = 0.20), temperature (r = 0.38 and p = 0.22), precipitation index (r = -0.46 and p = 0.12), and relative humidity (r = -0.34 and p = 0.27). Although the peak of production of queen cells occurred in September to December, queen cells were found in all months of the year, and they were not affected by the size of the colony population or climatic variables. Toledo et al. (2012) evaluated colonies of Africanized bees in the South region of Brazil and also found production of queen cells regardless of the colony status, population, presence of the queen bee, and food; and that the presence of queen bee in the colony does not inhibit the construction of queen cells, both in times of abundance of food, and of scarcity.
The number of brood combs presented significant positive correlation with the months of the year (R 2 = 0.51 > p-value = 0.04; CV = 15.40), and temperature (r = 0.79 and p = 0.0021); and a significant negative correlation with relative humidity (r = -0.77 and p = 0.0034) and the precipitation index (r = -0.66 and p = 0.01). The annual variation in brood combs showed an increase from September, and a decreasing from April. The period of less activity of the queen bee with oviposition was May to August, which comprises the rainy months (Figure 4) . The intensity of oviposition of the queen bee, under the climatic conditions of Recife, increased with increasing temperature and decreasing humidity and, consequently, the number of brood combs increased; but, the number of brood combs had a significant decrease in the rainy season-May to August. Therefore, the information about the longevity and reproductive period of queen bees in a region is important to make the necessary adjustments in the management and production of queen bees, and increase the productivity of apiaries.
A colony of Africanized bees replaces its queen bee at least once a year. Therefore, it is recommended a constant inspection of the colonies regarding the presence of the queen bee, and the introduction of a new queen bee when it is absent, if possible with a selected queen bee, to be naturally fertilized. Hives must be installed in shady places and with available drinking water to generate a colony with good population in the peak of the reproductive season.
Conclusion
The mean longevity of queen bees under the climatic conditions of the Zona da Mata region in the state of Pernambuco, Brazil, is around six and a half months, with peak of the reproductive season September to December in the evaluated region.
